Strong electronic correlations bring novel physical phenomena. A remarkable example is the unique ground state of Kondo insulators, in which the hybridization between itinerant and localized electrons leads to the opening of an insulating gap and consequently a divergent low-temperature resistance [1, 2] . Recently the nature of the ground state of a Kondo insulator in intense magnetic fields has become a big mystery in condensed matter physics. In mixed-valence compound samarium hexaboride (SmB 6 ), although the sample is a good insulator and its resistance increases by five orders of magnitude during coolingdowns, Landau level (LL) quantization happens under applied magnetic field, and strong quantum oscillations are observed in magnetization (the de Haas-van Alphen, or dHvA, effect) [3, 4] . Origin and interpretation of the dHvA oscillations in SmB 6 have been highly controversial, as there are a number of peculiar features. Firstly, the oscillations are observed only in magnetization, and not in electrical resistivity (the Shubnikov-de Haas, or SdH, effect). Secondly, despite the strong electron correlations, only the oscillations arising from quasiparticles having very light effective masses (m ≪ m e , m e is the free electron mass) are observed. Thirdly, in floating-zone grown SmB 6 samples the dHvA signal exhibits a striking deviation from the standard Lifshitz-Kosevich (LK) formula of the Fermi-liquid theory [4] . These observations point to either the topologically protected surface state [3] , or an unconventional Fermi surface in insulators [4] . A number of intriguing physical origins have been proposed, including exciton-based magnetic breakdown [5, 6] , Majorana type chargeneutral Fermi surfaces [7] , and a failed superconducting ground state [8] . Recent theories suggest that an emergent neutral Fermi sea can exist in a mixed-valence gapped system, which may exhibit both dHvA and SdH oscillations under external magnetic field [9, 10] .
A key to solving the most fundamental problem, "the Fermi surface in an insulator", lies in the clarification whether the quantum oscillations, in particular in the charge transport, are observable in another insulating system. We chose to study a different mixed-valence Kondo insulator, YbB 12 , another cubicstructured rare-earth intermetallic compound possessing strong interactions between localized 4f and itinerant 5d orbitals [11] [12] [13] . Early theories predicted an existence of topological surface states due to mirror-symmetry protection in YbB 12 [14] , which makes it a topological crystalline Kondo insulator. YbB 12 single crystals are grown by floating zone method (section S1 in [15] ). Using the experimental setup illustrated in Fig. 1A , magnetic torque and magnetoresistance (MR) are measured up to 45 T simultaneously (section S2 in [15] ).
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The temperature dependence of the resistivity shown in Fig. 1B confirms an increase of five orders of magnitude from room temperature to 50 mK. A weakly-temperature-dependent resistivity appears below 2.2 K, resembling the resistive "plateau" well known in SmB 6 at T < 3.5 K [16] , which is an indication of the existence of extended in-gap states. Fitting with the thermal activation model of resistivity, ρ(T ) = ρ 0 exp(∆/2k B T ), reveals a two-gap feature with the gap width 12.5 meV (20 K < T < 40 K) and 4.7 meV (6 K < T < 12.5 K), respectively (inset of Fig. 1B) , consistent with former transport result [17] . Upon applying the magnetic field, the negative slope of ρ(T ) curve is preserved up to 45 T with no hints of metallic behaviour (Fig. 1C) , indicating that the ground state is still gapped.
Field dependence of the magnetic torque in the insulating state of YbB 12 is shown in Fig. 1D . Subtle metamagnetic transitions and/or crossover can be seen at 20 T and 27 T, potentially related to the predicted field-induced staggered magnetism in Kondo insulator [18] . Above approximately 37 T, the dHvA oscillations is clearly resolved (Fig. 1D) . We note that the dHvA oscillations appear well below the magnetic-field-driven gap closing, i.e., the insulator-metal transition in YbB 12 [19] (for details see section S3 and Fig . S1 in [15] ). Fast Fourier Transform (FFT) on the φ = 11.3
• torque curve gives a dHvA frequency of F = 720
T (inset of Fig. 1D ).
In Fig. 2A the MR data at φ = 27.7
• is plotted between 11.5 T and 45 T. Given the zero-field resistivity ρ(0) = 4.67 Ω·cm of this sample, a significant negative MR ({ρ(H) − ρ(0)}/ρ(0)) of -95.9% is achieved at 45 T (A detailed angular dependence of MR is shown in Fig. S2 in [15] ). The negative MR is a hallmark in Kondo insulators as a result of the field suppression of the hybridization gap [20] [21] [22] [23] . We note that the negative MR in YbB 12
is much larger then that in SmB 6 [24, 25] . This is probably due to the larger effective Landé g-factor and the more localized nature of f electrons in YbB 12 , which lead to the stronger impact of magnetic field [19, 23] .
The most striking result in Fig [15] ). The only indexed impurity YbB 6 shows a much lower dHvA frequency that we observed in YbB 12 (Fig. S7 in [15] ). Secondly, the angle dependence of both the amplitude and frequency of the observed oscillations coincide with the cubic symmetry of YbB 12 , inconsistent with hexagonal and tetragonal structures of YbB 2 and YbB 4 , respectively (section S4 and Fig. S5 in [15] ). Thirdly, according to our simulation assuming the presence of tiny but highly conducting impurities, SdH signal should be detectable at much lower fields (section S7 and Fig. S8 in [15] ), which contradicts with our observations.
The present result is, to our knowledge, the first report of the observation of SdH oscillations in the insulating state. There are several remarkable features in the SdH oscillations.
The effective masses attained by LK fittings are considerably large, in agreement with the nature of Kondo insulator in which the strong electron correlations make the quasiparticles heavy. Even in the insulating state, finite specific heat coefficient γ is observed in YbB 12 .
Interestingly, γ calculated from the SdH oscillations assuming a spherical Fermi surface with k F ∼ 0.17Å −1 (F = 952 T) and effective mass m * = 15 m e , is comparable to the observed value of γ ∼ 8 mJ/mol K 2 at 40 T [27] . The background resistivity ρ still has a magnitude of 10-100 mΩ·cm above 40 T, which is far beyond that of normal metals [28] . Indeed if we estimate the mean free path ℓ by considering a spherical Fermi surface with m * = 15 m e , then ρ = 0.4 Ω·cm ( Fig. 2A) will give a unphysically short mean free path, ℓ ∼ 0.01 nm, indicating highly unusual situation. A proper theory is yet to be established to describe the quantum oscillations observed in YbB 12 under high magnetic field (section S8 in [15] ).
The observed unconventional existence of metallic quantum oscillations in insulating ground state reveals that the Kondo insulator is both a charge insulator and a correlated metal, providing a new mysterious and fertile feature of a strongly correlated insulator.
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